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LEAD ALIGNMENT ATTACHMENT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present invention generally relate to a 
construction equipment attachment for aligning a lead and hammer with an 
object to be driven. The invention is particularly suitable for driving objects such 
as a timber piles, steel piles, pipe piles, steel sheet piles, h-beam and the like, 
into the earth. 

Description of the Related Art 

[0002] Buildings, bridges and other structures often require pilings driven into 
the earth in order to either reach strata suitable for supporting the load of the 
structure or to a depth that the frictional force between the earth and the pile is 
sufficient to safely support the structure. For many larger structures, the pilings 
are driven through the soil to the underlying bedrock, which may lie a 
considerable distance below the earth's surface. To reach such depths, piles 
are driven utilizing heavy construction equipment that can deliver blows 
exceeding 7 tons per impact. 

[0003] Figure 1 depicts a simplified schematic drawing of a conventional pile 
driving system 100. The pile driving system 100 typically includes a lead 102 
and a hammer 104 suspended by a crane 106. The hammer 104 is coupled to 
and is free to slide linearly along the lead 102. The lead 102 includes a stop at 
its lower end to prevent the hammer 104 from disengaging from the lead 102. 
The lead 102 is positioned by the crane 106 and the piling is hoisted into 
position alongside the lead 102. The hammer 104 is lowered by the crane 106 
to engage the hammer 104 with the piling. During this operation, the lead 102 
and piling are manually aligned to the planned position for driving. 
[0004] The suspended lead 102 relies on gravity and one or more tethers 
116 to maintain a vertical orientation and provides a guide for both the hammer 
104 and the piling 108 to be driven into the ground 110. The hammer 104 is 
typically powered by air or hydraulics to provide reciprocating blows to the top of 
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the piling 108 to force the piling into the ground 110. Although the lead 102 
may be tethered at its lowered end by a cable or linkage 1 16 to the crane 106 to 
maintain the alignment of the lead 102 with the piling 108, it is difficult to 
maintain the hammer 104 and piling 108 on a coaxial orientation. If the hammer 
104 is not maintained in a true coaxial orientation with the piling 108, the piling 
will be impacted at an angle relative to the centerline of the piling. Thus, the full 
force of each hammer blow will not be complete transmitted into a force 
directing the piling 108 into the ground 110. 

[0005] The load bearing capability of the piling may be determined at the 
construction site by counting the number of hammer blows of a known force 
required to drive the piling a unit distance into the ground. Thus, if the piling 
and lead are misaligned and the full force of the hammer blow does not force 
the piling downward, the number of blows per unit distance that the piling is 
driven will erroneously indicate piling load bearing capacity as being greater 
than the true load bearing capacity of the piling. False load bearing information 
may result in unwanted settling of structures built on the pilings, or even 
catastrophic structural failure. 

[0006] Another major challenge when using conventional suspended leads is 
the avoidance of overhead power lines and other overhead obstacles. Power 
lines at construction sites make it difficult to maneuver the crane and lead into 
operating position, and in some instances, must be removed to provide enough 
clearance for the crane to adequately support the lead or support the head over 
the planned pile position. Removal of these obstacles presents a major and 
expensive challenge to contractors charged with driving the pilings. 
[0007] Therefore, there is a need for an improved pile driving device. 

SUMMARY OF THE INVENTION 

[0008] Embodiments of the invention generally provide a construction 
equipment attachment for aligning a lead and hammer with an object to be 
driven, such as a timber piles, steel piles, pipe piles, steel sheet piles, h-beam 
and the like . In one embodiment, the attachment includes a hammer slidably 
coupled to a lead, a lead mounting assembly and a hydraulic actuator coupled 



263447 



3 



PATENT 
CRUZ/002 

to the lead and the lead mounting assembly. The hydraulic actuator is adapted 
to control the orientation of the lead relative to the lead mounting assembly. 
[0009] In another embodiment, an attachment for a self-propelled heavy 
construction machine is provided. The attachment allows for the alignment of a 
lead with a workpiece utilizing existing hydraulic fluid control ports of the 
machine. 

[0010] In yet another embodiment, a self-propelled heavy construction 
machine having a lead positionable along three axes is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the 
invention, briefly summarized above, may be had by reference to embodiments, 
some of which are illustrated in the appended drawings. It is to be noted, 
however, that the appended drawings illustrate only typical embodiments of this 
invention and are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
[0012] Figure 1 is a simplified schematic diagram of a conventional pile 
driving device; 

[0013] Figure 2 is a side elevation of pile driver having a pile driving 
apparatus of the present invention; 

[0014] Figure 3 is a side elevation of the pile driving apparatus of Figure 2; 
[0015] Figure 4 is a partial sectional view of the pile driving apparatus taken 
along section line 4-4 of Figure 3; 

[0016] Figure 5 is a top view of the pile driver of Figure 2; and 

[0017] Figures 6-8 are side elevations of the pile driver of Figure 2. 

[0018] It is to be noted, however, that the appended drawings illustrate only 

typical embodiments of this invention and are therefore not to be considered 

limiting of its scope, for the invention may admit to other equally effective 

embodiments. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] The invention generally provides an improved pile driving attachment 
that is adapted to readily attach to an excavator or other heavy construction 
machine. The invention facilitates alignment between a hammer of the pile 
driving apparatus and a workpiece, such as timber piles, steel piles, pipe piles, 
steel sheet piles, h-beam and the like, so that the force from the hammer is 
efficiently utilized to drive the workpiece. Moreover, the invention allows for pile 
driving operations to be conducted in and around crowded construction sites, 
including those with overhead obstacles, which make operation of conventional 
pile driving equipment difficult, unsafe and/or costly to operate. 
[0020] Figure 2 is an elevation of a pile driver 280 having a pile driving 
attachment 200 of the present invention coupled to a self-propelled, off-road 
capable, heavy construction machine 250. The pile driving attachment 200 
generally includes a lead mounting assembly 202, a lead 204 and a hammer 
206. The lead mounting assembly 202 generally controls the orientation of the 
lead 204 about at least two axes of rotation. The hammer 206 is retained to, 
and slides freely along the lead 204. Typically, the lead 204 has a hammer stop 
286 at least at a lower end 288 of the lead 204 to prevent the hammer 206 from 
disengaging from the lead 204. In the embodiment depicted in Figure 2, the 
hammer 206 is powered by a compressor 282. The hammer 206 is generally 
configured similar to the hammer 104 discussed above. One suitable hammer 
is available from Vulcan Foundation Equipment, located in Chattanooga, 
Tennessee. 

[0021] The self-propelled machine 250 includes at least one hydraulic pump 
252 and control manifold 248 providing control of hydraulic fluid through at least 
eight ports 254A, 254B, 256A, 256B, 258A, 258B, 260A, 260B. The self- 
propelled machine 250 generally has at least a 50-ton weight and is configured 
to accept a boom 262, for example, in an excavator configuration. Self- 
propelled machines 250 having hydraulic ports providing fluid control for various 
attachments to the machines 250 are well known. In one embodiment, the self- 
propelled machine 250 is a Model 345B Excavator available from Caterpillar, 
Inc., of Peoria, Illinois. It is contemplated that self-propelled machines may 
263447 5 
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alternatively comprise other heavy construction equipment adapted for use with 
the pile driving attachment 200. 

[0022] The boom 262 is coupled at a first end 264 to the self-propelled 
machine 250 and to the pile-driving attachment 200 at a second end 266. The 
boom 262 has a first axis of rotation 212 defined at the first end 264. As the 
boom 262 is raised or lowered, the pile driving attachment 200 is moved relative 
to the self-propelled machine 250 relative to the first axis of rotation 212. At 
least one first cylinder 268 is coupled to the ports 254A-B to control the rotation 
of the boom 262 relative to the first axis of rotation 212. Hydraulic lines coupled 
to the ports 254A-B have been omitted from the Figures for clarity. 
[0023] The second end 266 of the boom 262 is coupled to the lead mounting 
assembly 202 of the pile driving attachment 200. A second cylinder 270 is 
coupled between the lead mounting assembly 202 and the boom 262. The 
second cylinder 270 is coupled to the pump 252 through the ports 256A-B to 
control the rotation of the lead mounting assembly 202 around a second axis of 
rotation 214 defined at the attachment of the second end 266 of the boom 262 
to the lead mounting assembly 202. In one embodiment, the second axis 214 is 
orientated substantially parallel to the first rotational axis 212. 
[0024] The lead 204 is rotationally coupled to the lead mounting assembly 
202. A third cylinder 272 is coupled between the lead 202 and the lead 
mounting assembly 202. The third cylinder 272 is coupled to the pump 252 
through the ports 258A-B to control the rotational orientation of the lead 204 
relative to the lead mounting assembly 202 around a third rotational axis 216. 
In one embodiment, the third axis 216 is orientated substantially perpendicular 
to the first and second rotational axes 212, 214. The third cylinder 272 may 
alternatively be a hydraulic actuator, lead screw or other actuator, hydraulic or 
electric, suitable for rotating the lead 202 and hammer 204. 
[0025] Referring to Figures 3-4, the lead mounting assembly 202 is pivotably 
coupled to the lead 204 by a shaft 356. The lead mounting assembly 202 
includes a mounting bracket 350 coupled to a mounting plate 352, typically by 
welding. The mounting bracket 350 is coupled to the boom 262 (shown in 
phantom in Figure 3). The third cylinder 272 (also shown in phantom in Figure 
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3) is coupled between the lead 204 and mounting plate 352 to control the 
rotational orientation therebetween. In one embodiment, the third cylinder 272 is 
coupled to a cylinder mounting flange 402 extending from the mounting plate 
352 while a second end of the third cylinder 272 is coupled to the lead 204, and 
is capable of rotating the lead 204 through 30 degrees around the axis 216. 
[0026] The mounting bracket 350 includes a first side 304 and a second side 
302. The first side 304 of the mounting bracket 350 includes a first hole 320 
and a second hole 322. The holes 320, 322 are generally formed in a spaced- 
apart relation and have substantially parallel centerlines. The first hole 320 is 
coaxial with the second axis of rotation 214 and facilitates coupling of the 
mounting bracket 350 to the second end 266 of the boom 262 by a pin or shaft 
(not shown). 

[0027] The second hole 322 is positioned to facilitate coupling of the second 
cylinder 270 to the mounting bracket 350. Generally, the second hole 322 is 
located to allow the lead 202 to be rotated into an orientation below the boom 
262 substantially parallel to the ground (as depicted in Figure 5). 
[0028] The second side 302 of the lead mounting bracket 202 includes a 
third hole 324. The third hole 324 has a centerline substantially perpendicular 
to the centerlines of the first and second holes 320, 322, and is coaxial with the 
third axis of rotation 216. 

[0029] The shaft 354 is disposed through third hole 324 and holes 326, 328 
formed through the mounting plate 352 and lead 204. The shaft 354 is welded 
or otherwise fastened to one of the lead mounting assembly 202 or lead 204. In 
the embodiment depicted in Figure 3, the shaft 354 is welded to the lead 204 
and is retained to the mounting bracket 350 by a nut 330, thereby allowing the 
shaft 354 to rotate in the holes 324, 326 of the lead mounting assembly 202. It 
is contemplated that the lead mounting assembly 202 or lead 204 may be 
rotationally coupled thereto in an alternative manner. 

[0030] The lead 204 may additionally include a pair of retaining tabs 370 that 
capture the mounting plate 354 to the lead 204. The tabs 370 are spaced from 
the lead 204 to facilitate rotation of the mounting plate 354. 
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[0031] Referring back to Figure 2, the pile driving attachment 200 may 
include one or more optional features that facilitate operation. In one 
embodiment, a winch 230 is mounted to the lead mounting assembly 202. A 
cable 234 from the winch 230 is run through a pulley 232 coupled to a distal end 
(or top) 276 of the lead 204. The winch 230 allows the hammer 206 to be 
positioned along the lead 204 while the lead 204 is in a non-horizontal 
orientation. The winch 230 may also be utilized to move or support workpieces. 
In the embodiment depicted in Figure 2, the winch 230 is hydraulically driven 
and is coupled to the pump through ports 260A-B. Alternatively, the winch 230 
may be coupled to the boom 262 or self-propelled machine 250. 
[0032] In another embodiment, the hammer 206 may be laterally shielded by 
a cage 240. The cage 240 is generally fabricated from steel or strong material, 
and is configured to move along the lead 204 with the hammer 206. The cage 
240 may include an integral ladder 242 having a parallel orientation relative to 
the lead 204. In the embodiment depicted in Figure 2, the cage 240 has a "C- 
section", with the open end of the cage 240 facing away from the lead 204, 
thereby allowing the workpiece to be laterally support by the gage 280 before 
engaging the hammer 206. 

[0033] Alternatively, the cage 240 may be coupled to the lead 204. the cage 
240 extends along the length of the lead 204 so that the hammer 206 is 
shielded at every position along the lead 204. 

[0034] In yet another embodiment, the lead 204 may include a plurality of 
holes 284 (shown in phantom in Figure 2) formed therethrough. The holes 286 
are configured to accept a pin (not shown). The holes 286 allow the hammer 
206 to be pre-positioned on the lead 204 before rotating the lead 204 into a 
vertical position. This advantageously allows the hammer 206 to engage a 
workpiece without lifting the lower end 288 of the lead 204 above the workpiece, 
thereby reducing the vertical clearance required over the workpiece. 
[0035] Figures 5-6 depict the pile driving attachment 200 in operation. As 
described above, the lead 204 may be rotated into a position substantially 
horizontal to the ground 502 below the boom 262 into a position substantially 
horizontal to the ground. With the lead 204 in this position, the operator of the 
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self-propelled machine 250 may easily navigate the machine 250 and lead 204 
underneath overhead obstacles such as power transmission lines 504. 
Moreover, as the lead 204 and boom 262 are aligned with the direction of travel 
of the self-propelled machine 250, avoidance of vertical obstacles 506 is 
facilitated as the lead 204 is positioned in front of the machine 250 while the 
vehicle is in motion, thereby enabling the operator to maintain both the drive 
path of the vehicle and the entire lead 204 in the operator's field of view. 
[0036] Figures 6-8 illustrate the lead 204 being rotated about the second 
axis of rotation 214 into a substantially vertical position to facilitate driving a 
workpiece, shown as a piling 802. As illustrated in Figures 6-8, the top 276 of 
the lead 204 remains in front of the vehicle operator as the lead is rotated, 
thereby allowing overhead obstacles 504 to be easily avoided while 
simultaneously positioning the hammer 206 relative to the piling 802. Moreover, 
positioning the lead 204 in this manner allows the pile driving attachment 200 to 
align the lead 204 and drive pilings while the self-propelled machine 250 is 
positioned below an overhead obstacle 504, advantageously allowing the pile 
driving attachment 200 to efficiently operate in crowded worksites. 
[0037] Moreover, as the winch 230 can position the hammer along the lead 
204 while the lead 204 is in a vertical position, the lead 204 does not have to be 
elevated in order for the hammer 206 to be set upon a piling. This allows the 
pile driving attachment 200 to be operated with minimal clearance above the 
piling 802. 

[0038] Once the hammer 206 is set upon the piling, the hammer 206 and 
lead 204 are aligned with the piling 802 by rotating the lead 204 about the 
second and third axes 214, 216. The hammer 204 is then activated to drive the 
piling 802 into the ground 606. Although the piling 802 shown in Figures 6-8 is 
depicted in a substantially vertical orientation, the. lead 204 is well-suited for 
driving pilings inclined at an angle from vertical by rotating the lead around at 
least one of the second and/or third axes 214, 216. 
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[0039] Thus, a piling driving apparatus has been provided having an 
improved lead alignment apparatus. The lead alignment apparatus is 
advantageously suited for attachment to existing heavy construction equipment, 
such as an excavator, utilizing the hydraulics provided by that equipment to 
position the lead without additional pumps or motors. Moreover, the lead may 
be readily aligned with a piling in any orientation, such that the hammer 
provides a driving force coaxial with the pile. Additionally, the lead alignment 
apparatus may be rotated substantially horizontal to the ground, thereby 
allowing the pile driver to safely move in a job site having tight clearances 
between overhead and vertical obstructions. 

[0040] While the foregoing is directed to embodiments of the present 
invention, other and further embodiments of the invention may be devised 
without departing from the basic scope thereof, and the scope thereof is 
determined by the claims that follow. 
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